Pulmonary hypertension (PH) is a serious disorder with high morbidity and mortality 11 rate. We analyzed the right ventricular systolic pressure (RVSP), right ventricular hypertrophy 12 (RVH), lung histology and transcriptomes of six weeks old male rats with PH induced by: 1) hypoxia 13 (HO), 2) administration of monocrotaline (CM) or 3) administration of monocrotaline and exposure 14 to hypoxia (HM). The results in PH rats were compared to those in control rats (CO). After four 15 weeks exposure, increased RVSP and RVH, pulmonary arterial wall thickening, and alteration of 16 the lung transcriptome were observed in all PH groups. The HM group exhibited the largest 17 alterations and also neointimal lesions and obliteration of lumen in small arteries. We found that 18 the PH increased the expression of caveolin1, matrix metallopeptidase 2 and numerous 19 inflammatory and cell proliferation genes. The cell-cycle, vascular smooth muscle contraction and 20 the oxidative phosphorylation pathways, as well as their interplay were largely perturbed. Our 21 results also suggest that the up-regulated Rhoa (ras homolog family member A) mediates its action 22 through expression coordination with several ATPases. The upregulation of antioxidant genes and 23 the extensive mitochondrial damage observed especially in HM group, indicate metabolic shift 24 towards aerobic glycolysis. 25 26 27 vascular resistance [1] is a serious complication of a number of unrelated cardiopulmonary, 30 inflammatory and autoimmune diseases as well as of drug toxicity. PH is characterized by the 31 endothelial dysfunction, enhanced vasoconstrictor reactivity, activation of proliferative and anti-32 apoptotic pathways, vascular remodeling, elevated pulmonary artery pressure and right ventricular 33 hypertrophy (RVH), leading to right ventricular failure and premature death.
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The right ventricular hypertrophy occurs when the average RV/(LV+S)(PH)) is significantly (p < 0.05) 121 larger than RV/(LV+S)(CO) (i.e. RVH significantly larger than 1).
123
Histology: Formalin preserved lung tissue was processed for paraffin block. Five to 6 μm 124 sections were cut and stained with hematoxylin and eosin (H&E) for evaluation of the pulmonary 125 vasculature. close to zero, indicating that either almost all correlations are null or that the positives are balanced relevance of gene interplays in each condition. The two genes can be from the same or from two 198 different functional pathways. GPP takes values from -100% for the most prominent, negatively 199 correlated genes to 100% for the most prominent, positively correlated genes in that condition. In
200
order to simplify the landscape, GPP is considered zero for gene pairs whose absolute Pearson 201 product-moment correlation coefficient between their expression levels in the four biological replicas 202 of that condition was not significant (|ρij| < 0.950). The four-week weight gain in the control group was (204 ± 23) g. All PH groups had significantly 210 lower weight gains as presented in Figure 1a , the lowest was observed in MCT-treated rats exposed 211 to hypoxia, i.e. group HM (WG = 33.6 ± 16.0)g. a slightly larger effect than hypoxia alone; when MCT-treated rats were exposed to hypoxia, the 240 alterations were substantially larger. Figure 2c presents the WPR scores of some interesting groups 241 of genes involved in respiration. Figure 2d presents the significant fold-changes of genes whose 242 regulation is often considered indicative for PH. Remarkably, in all three rat models of PH Cav1 was 243 overexpressed, by 13.18x in HO, 39.14x in CM and 79.06x in HM, substantially increased in the HM 244 group. We found also that upregulation of Cav1 is accompanied by the upregulation of Nos3 (by 4.21x We found that PH regulated the expression of numerous genes involved in the (KEGG-276 determined map 04062) chemokine signaling pathway (Table 1) . Table S1 in the Appendix presents 277 other immune-inflammatory response genes (chemokines, cytokines, cytokine receptors, interferons,
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interleukins, and tumor necrosis factors) that were significantly regulated in at least one of the three change, our procedure to attach fold-change cut-offs to every single gene in each comparison 281 identified additional regulated genes and eliminated false hits. 
283

289
It also eliminated the false regulations (expression ratio in grey background, e.g. Bcar1 in HO/CO) 290 whose absolute (although over 1.5x) fold-change) was below the CUT (2.98) computed for that gene 291 in the compared conditions. 
296
the substantially increased number of regulated genes when the MCT-treated rats were exposed to 297 hypoxia (30% up + 49% down, Fig. 3a ) compared to when they were exposed to only hypoxia (16% up + 14% down, Fig. 3b ) or treated with MCT (26% up + 16% down, Fig. 3c) . The percentages of all 299 regulated genes in this pathway (30% in HO, 42% in CM and 79% in HM) were significantly larger 300 than the percentages of all regulated genes in the entire transcriptome (18% in HO, 20% in CM and 301 30% in HM) as illustrated in Fig. 2a . 302 303 304 control. As expected, many more genes were regulated in the lungs of MCT-treated rats exposed to 329 hypoxia (36% up + 42% down, Fig. 4a ) than in those of rats exposed to only hypoxia (7% up + 16% 330 down, Fig. 4b ) or treated with monocrotaline alone (25% up + 11% down, Fig. 4c ). Of note are the 331 much higher percentages of regulated genes in the cell-cycle pathway (23% in HO, 36% in CM and 332 78% in HM) than the percentages of regulated genes in the entire transcriptome (18% in HO, 20% in 333 CM and 30% in HM) as illustrated in Fig. 2a .
334
Genes were regulated in both DNA replication phase (S) and mitosis phase (M), as well as 335 during the temporal separation gaps (denoted by G1 and G2 in Fig. 4a) . Interestingly, all components 336 of the minichromosome maintenance complex (Mcm) were regulated in MCT-treated rats exposed to 
367
A particular attention was given to the regulation of the major groups of genes involved in the 368 oxidative phosphorylation: ATPases, cytochrome c oxidases and NADH dehydrogenases ( Table 2) .
369
As illustrated In Fig. 2c , the Weighted Pathway Regulation (WPR) score revealed that these groups 370 of genes were altered much more than the entire transcriptome. Alteration of the genes encoding 371 mitochondrial ribosomal proteins is also presented for comparison in the Appendix Table S2 . 
374
regulated ATPases, cytochrome c oxidases and NADH dehydrogenases in the three PH rat models.
375
Note the range of the CUTs, from 1.24 (for the regulation of Ndufv3 in HM vs CO) to 3.68 (for the 376 regulation of Cox6a1 in HO vs. CO). Our procedure to determine the cut-off for the absolute fold-377 change for every gene in each comparison instead of using a fixed cut-off (like 1.5x) eliminated the 378 false regulations (expression ratio in grey background, e.g. Atp11b in HO/CO) whose absolute 379 (although over 1.5x) fold-change) was below the CUT (2.28) computed for that gene in the compared We studied how much the interaction of the vascular smooth muscle contraction genes (VSMC, 387 https://www.kegg.jp/pathway/rno04270) (presented in Fig. 3 ) with genes involved in the oxidative 388 phosphorylation (OP), particularly with the ATPases is remodeled by the pulmonary hypertension.
389
For this, we computed the Pearson correlation coefficients for the 1,248 pairs that can be formed with 390 the 32 ATPases and 39 VSMC genes adequately quantified in each of the four experimental conditions.
391
Interestingly, we found that each PH condition significantly reduced the net positive correlation (i.e. 
398
dependent amplification of Bmpr2 signaling [47] . As presented in Fig. 2d 
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Conflicts of Interest: The authors declare no conflict of interest 580 581 Table S1 Table S1: Regulation of important genes involved in the immune-inflammatory response.
Significant (larger than CUT) absolute fold-changes are in red background for up-regulated and green background for down-regulated. Note the range of the CUTs, from 1.12 (for the regulation of 
